Stabilization and remodeling of the membrane skeleton during lens fiber cell differentiation and maturation.
Actin filaments are integral components of the plasma membrane-associated cytoskeleton (membrane skeleton) and are believed to play important roles in the determination of cell polarity, shape, and membrane mechanical properties, however the roles of actin regulatory proteins in controlling the assembly, stability, and organization of actin filaments in the membrane skeleton are not well understood. Tropomodulin is a tropomyosin and actin-binding protein that stabilizes tropomyosin-actin filaments by capping their pointed ends and is associated with the spectrin-actin membrane skeleton in erythrocytes, skeletal muscle cells, and lens fiber cells, a specialized epithelial cell type. In this study, we have investigated the role of tropomodulin and other membrane skeleton components in lens fiber cell differentiation and maturation. Our results demonstrate that tropomodulin is expressed concomitantly with lens fiber cell differentiation and assembles onto the plasma membrane only after fiber cells have begun to elongate and form apical-apical contacts with the undifferentiated epithelium. In contrast, other membrane skeleton components, spectrin, actin, and tropomyosin, are constitutively expressed and assembled on the plasma membranes of both undifferentiated and differentiated fiber cells. Tropomodulin, but not other membrane skeleton components, is also enriched at a novel structure at the apical and basal ends of newly elongated fiber cells at the fiber cell-epithelium and fiber cell-capsule interface, respectively. Once assembled, tropomodulin and its binding partners, tropomyosin and actin, remain membrane-associated and are not proteolyzed during fiber cell maturation and aging, despite proteolysis of alpha-spectrin and other cytoskeletal filament systems such as microtubules and intermediate filaments. We propose that actin filament stabilization by tropomodulin, coupled with partial proteolysis of other cytoskeletal components, represents a programmed remodeling of the lens membrane skeleton that may be essential to maintain plasma membrane integrity and transparency of the extremely elongated, long-lived cells of the lens. The unique localization of tropomodulin at fiber cell tips further suggests a new role for tropomodulin at cell-cell and cell-substratum contacts; this may be important for cell migration and/or adhesion during differentiation and morphogenesis.